lium in submerged culture. Agaricus campestris was the first fungus which was intensively investigated. HuMFELD (1948 HuMFELD ( , 1952 , HuMFELD & SuGIHARA (1949 campestris. JENNISON and his co-workers (1955, 1957 ) investigated the submerged cultivation of 42 different kinds of fungi. In a series of patents SzuEcs and YoNKERS (1950 , 1954 , 1956 , 1958 ) disclosed methods for producing essence of fungal mycelium in submerged culture and for enhancing the flavor of the mycelium. The main trend in present day research in this field seems to be mycelium production as a source of flavor rather than as a source of protein.
In this paper experiments on submerged cultivation of Boletus ( Suillus) luteus are described. Boletus luteus is a quite common mushroom in Finland but its great water content and its susceptibility to insect larvae make it less acceptable (RAUTAVAARA, 1947) . The taste of the mushroom is slightly sour and the smell recalls that of fruits (HINTIKKA & SArmo, 1942 ) . The main purpose of this investigation was to develop methods for growing the mycelium of Boletus luteus in submerged culture and to compare the vitamin, fat and protein content with the corresponding values of the fruiting bodies. Boletus luteus was selected as the test organism because it seemed to be rather easy to grow in big laboratory fermentors ( 14 liters ). Later experiments (cf. HATTULA & GYLLEN-BERG 1969 ) have shown that a number of other fungi show better adapta:bility to submerged growth. The aeration rate was one liter air/min/1 medium· agitation was 300 rpm and the temperature' 28°C. After one week the mycelium was transferred into a 14 liter fermentor which contained 10 l of Reusser's synthetic medium. Aeration was adjusted to 0.8 vol. air/minfvoL of the medium, agitation was 280 rpm and the temperature kq~t at 28°C. Synthetic Naphco was used as antrfoam. The growth was controlled by taking daily samples for determination of sugar (Bertrand-method; GROSSFELD, 1935 ) and ammonium nitrogen (Conway method ; CoNWAY, 1957 ) . When all the sugar was consu~ed, 9 1 of the culture was removed and one hter was left at the bottom of the vessel as inoculum. New sterile medium was conducted into the fermontor, and this was repeated four times. The mycelium was separated by Biichnerfiltration and was washed with distilled water. The mycelium was then dried at 40°C and the dry material as ground to fine powder. The colour of the fresh mycelium was white and the aroma pleasant. The dry powder was yellow and almost odourless.
Materials, methods and results

Cultural methods:
Fruiting bodies of Boletus luteus :vere collected from a pasture! and for companson ; the were scraped clean of sand and dried at 40°C until they were e~.:.sy to grind to fiPe powder. The powder, the colour o.f which was dark brown, was kept in a closed vessel in the refrigerator.
Analytical methods
The vitamins: Of the water soluble vitamins thiamine, riboflavin, nicotinic acid and vitamin B,, were analysed quantitatively and of the fa• t soluble vitamins vitamin D was determined.
Thiamine was The nicotinic acid content of the mycelium was 214 fA-g whereas the content of the fruiting body was 1560 fl-g/g dry powder.
Determination of the vitamin B, was made using a microbiological method with Escherichia coli ( DmrNG 19· 5 2) . The extraction of the vi tam in from the material was performed according to the method of STROHECKER & HENNING ( 1963 c). The vitamin B12 content of the fruiting body was found to be 55 mfl-g/g and the corresponding vitamin B,, content of the mycelium 62 mfJ-g/g dry powder.
The analytical data concerning the water soluble vitamins are summarized in Table 1 . Fats: The total fat of the mycelium and the fruiting body preparations was extracted according to the method of A.O.A.C. (22 032, 1960 d) . The rough analysis of the fat was made by thin layer chromatography (HATTULA, 19·65). The following lipid fractions were found in both preparations: phospholipids, sterols, triglycerides, free fatty acids and sterolesters. Although some difference in the fatty acid composition of these fractions occured the total fatty acid composition (of the unfractionated fat) may provide a representative picture. The fatty acid methyl esters were analyzed using a Perkin Elmer Gas Chromatograph. The results conceming the total fatty acid composition of Boletus luteus are given in Table 2 . The fatty acid composition of yeasts cultivated on mineral oil hydrocarbons is represented for comparison. Amino acids: Only the total amino acids of Boletus luteus were analyzed; the free amino acids were not analyzed separately. An Autoanalyzer (Technicon) was used for the determinations and the preparative and analytical methods are described in detail in the accompanying paper of HAT-TULA and GYLLENBERG (1969) . Table 3 shows the total amino acid composition of Boletus luteus . .Some data referring to the amino acid compostion of vegetable, animal and microbial protein have been included for comparison.
Discussion
The main components of Boletus luteus are summarized in Table 4 . The results show that the carbohydrates cannot be considered of great nutritional value because of their smaH amount. As to the fatty acid composition of B. luteus, the high content of linolic acid contributes significantly to the nutritional value. The results for amino acids given in Table 3 show that both the fruiting body However, in the mycelium of Boletus luteus no isoleucine could be detected, but the amount of this amino acid was sufficient in the fruiting body. The amounts of leucine, phenylalanine, lysine and tryptophan are high enough in the mycelium of this fungus but in the fruiting body the amounts of lysine and leucine are quite small. On the whole the amino acid content can be regarded good. The contents of different water soluble vitamins in Boletus luteus are good. 100 g dry mycelium contains the same amount of thiamine as 220 g pork or 250 g wheat meal (whole grain). As to the riboflavin content of the mushroom 100 g of the dry fruiting body corresponds to 370 g pork or 190 g veal ( TURPEINEN & RorNE, 196 7) . The amount of nicotinic acid is also considerable. In our opinion Boletus luteus seems to constitute a good supplement for other foods, especially with regard to the protein and the water soluble vitamin content of the mushroom. Mo-reover, it is obvious that the submerged cultivation of mycelium does not cause losses in nutritionally valuable constituents as compared with the fruiting bodies produced under natural conditions. In fact, as shown above, the artificially grown mycelium, in certain respects may possess an even higher nutritional value.
